INTRODUCTION
Noroviruses NVs belong to the family Caliciviridae and are the most common causes of acute viral gastroenteritis 1 . NVs have positive-sense RNA and are generally highly variable. They are classified into 5 genogroups GI, GII, GIII, GIV, and GV , 3 of which are found in humans 2 . The effi cient growth of NVs has not been reported in any cell line. However, Feline calicivirus FCV also belongs to the Caliciviridae family and has been grown in cell culture. Consequently, FCV is often investigated as a surrogate for NVs 3 5 . Infection with NVs can occur after the consumption of contaminated food or water. Contact with clothing or carpeting contaminated with vomit or diarrhea is another known route of infection 6 9 . Available chlorine has Health, Labour and Welfare Ministry of Japan recommends the disinfection of contaminated clothing with chlorine bleach, which contains available chlorine, during household washing 11 . This application is generally limited to white clothes, such as undergarments, because of the degradation of colors as a result of oxidation by available chlorine 12 . Hence, household washing conditions capable of disinfecting clothing contaminated with NVs without the use of chlorine bleach are desired. Oxygen bleaches are usually used to bleach household clothing to maintain color. The active ingredients, such as sodium percarbonate PC and hydrogen peroxide, release perhydroxy anions for bleaching 13, 14 . Key words: norovirus, calicivirus, bleach, virucidal effect viruses declines in an alkaline pH. Therefore, the virucidal effect of PC as an alkaline substance was studied using FCV. A PC concentration of thousands of milligrams per liter produced a virucidal effect 15, 16 . However, detergents or oxygen bleaches are usually used at a concentration of hundreds of milligrams per liter. Therefore, the virucidal effects at lower concentrations should be investigated. Bleach activators are often included in powdered oxygen bleaches or powdered detergents. They generate peroxy acids through their sodium percarbonate content and increase the bleach activity without color degradation. Tetra acetyl ethylene diamine TAED , sodium alkyl acyloxybenzene sulfonate OBS; C n 1 H 2n 1 COOC 6 H 4 SO 3 Na , and alkyl acyloxybenzoic acid OBC; C n 1 H 2n 1 COOC 6 H 4 COOH are well-known bleach activators 17 20 . As shown in Fig. 1 , OBS and OBC each generate long carbon chains of peroxy acids with sodium percarbonate. Peroxy acetic acid is known to have bactericidal and virucidal effects 21, 22 . Sodium nonanoyloxybenzene sulfonate OBS-9 , which releases peroxy nonanoic acid, has a superior bactericidal effect than that of TAED, which releases peroxy acetic acid 23 . Furthermore, OBS and OBC, which release peroxy lauric acid or peroxy decanoic acid, exhibited superior bactericidal effects 24 , and sodium lauroyloxybenzene sulfonate OBS-12 , which releases peroxy lauric acid, also showed superior miticidal effects 25 . A commercial detergent containing bleach activator has been shown to have virucidal effects 26 . Hence, OBS and OBC, which generate long carbon chains of peroxy acids, were presumed to have superior virucidal effects. However, these effects have not been reported. In this study, we report the virucidal effects of OBS and OBC against FCV, and discuss the application of these agents for the disinfection of clothing contaminated with NVs.
EXPERIMENTAL PROCEDURES
2.1 Reagents OBS-12 was obtained from the condensation reaction of lauroyl chloride with hydroxy benzene sulfonic acid in pyridine and was purifi ed using repeated recrystallization, according to a commonly used procedure 27 . Other OBSs, sodium hexanoyloxybenzene sulfonate OBS-6 , sodium octanoyloxybenzene sulfonate OBS-8 , and sodium decanoyloxybenzene sulfonate OBS-10 , were similarly obtained from the condensation of various carboxylic acid chlorides with different carbon chain lengths and hydroxyl benzene sulfonic acid. Octanoyloxybenzoic acid OBC-8 , decanoyloxybenzoic acid OBC-10 , and lauroyloxybenzoic acid OBC-12 were similarly obtained using hydroxyl benzoic acid 28 . Dulbecco s modified Eagle s medium DMEM was obtained from Invitrogen Life Technologies, Carlsbad, CA, USA , heat-inactivated fetal bovine serum FBS was obtained from HyClone Thermo Scientific Fischer, Waltham, MA, USA , penicillin-streptomycin was obtained from Sigma-Aldrich St. Louis, MS, USA , and Opti-MEM was obtained from GIBCO Life Technologies, Carlsbad, CA, USA . Horse serum was obtained from Invitrogen, and was inactivated by heating. Catalase, Terminox Ultra 200L, was obtained from Novozymes Copenhagen, Denmark . Sodium percarbonate was obtained from Mitsubishi Gas Chemical Tokyo, Japan . A nonionic surfactant, polyoxy-ethylene alkyl ether average C13, average EO 15 , was obtained from Lion Tokyo, Japan . Sodium hypochlorite, Sanrack-p, was obtained from Honcho Chemical Tokyo, Japan . Other chemicals were obtained from commercial sources.
Preparation of cells and FCV
Crandell-Reese feline kidney CRFK was used as the host cell line and was obtained from the American Type Culture Collection ATCC CCL-94 . The cells were grown in DMEM supplemented with 5 v/v FBS, 25 units/mL penicillin, and 25 mg/mL streptomycin in 175-cm 2 disposable tissue culture fl asks or a 96-well microplate at 37 in an atmosphere of 5 v/v CO 2 for 3 to 4 days, then washed twice with phosphate buffered saline -. The cells were inoculated with FCV strain F9, obtained from ATCC VR-782 , and cultured at 37 for 1 h. Then, 12 mL of Opti-MEM was added to the inoculated culture and the cells were incubated at 37 in an atmosphere of 5 v/v CO 2 for approximately 20 h. The culture medium was collected and centrifuged at 4,000 rpm for 10 min. The supernatant was then fi ltered through a 0.2-μm membrane fi lter Millipore and concentrated to a volume of approximately 1/100 using a centrifugal fi lter device Amicon Ultra-15, 100 kDa, Millipore .
Measurement of virucidal effects
The virucidal effect of each OBS and OBC was studied in a solution containing 3 mM sodium percarbonate sample solution . Sample solutions were left to stand for 10 min to generate peroxy acids. One microliter of FCV suspension was added to 99 μL of sample solution and allowed to react for a given amount of time at a given temperature. Forty microliters of the reaction mixture was then added to a stop solution containing 360 μL 0.1N sodium thiosulfate, 0.05 v/v catalase, and 4-2-hydroxyethyl -1-piperazineethanesulfonic acid HEPES, pH 7.5 , then diluted by 10-fold serial dilutions with 0.1 M HEPES. The CRFK cells were grown to confl uence in a 96-well microplate, and the culture medium was removed; 30 μL of 10-fold serial dilutions of the samples was then used to inoculate each well. The infectivity titers of FCV titer were determined as the 50 tissue culture infectious dose TCID 50 /30 μL, according to the Behrens-Kärber method 29 .
2.4 Determination of available chlorine and peroxy acid concentrations The concentration of available chlorine in sodium hypochlorite was determined using a residual chlorine analyzer Residual chlorine checker DPD; Shibata Corporation, Tokyo, Japan . The concentration of peroxy acid was determined using the iodimetry method as follows: 25 μL of catalase was added to 100 mL of sample solution and kept at room temperature for 15 min. Then, 10 mL of 10 v/v acetic acid, 2 mL of 5 w/v potassium iodide, and 1 w/ v starch solution were added to the solution. The solutions were titrated until discoloration with 0.01N sodium thiosulfate. The residual ratio of available chlorine or peroxy acid was calculated using the following equation:
Residual ratio molar concentration of available chlorine or peroxy acid in each sample/molar concentration of available chlorine or peroxy acid in the reference sample without horse serum 100.
RESULTS AND DISCUSSION

Virucidal effects of each OBS
The sample solutions were maintained with FCV for 10 min at 25 . As shown in Fig. 2 , each solution containing 10 μM or 30 μM OBS exhibited a reduction in the titer, compared with that in the reference solution without OBS. The reductions at 30 μM of each OBS were greater than those at 10 μM. An increase in the carbon chain length from 6 to 12 carbons for the acyl group of each OBS further reduced the titer. OBS-12 exhibited the greatest virucidal effects, resulting in a titer of 4 log 10 4 log 10 , compared with a titer of approximately 5.4 log 10 in the reference solution, and 5 log 10 , compared with a titer of approximately 6.5 log 10 in the initial solution.
In this study, each OBS produced a signifi cant virucidal effect. The reference solution without OBS exhibited a slightly reduced titer. The reduced sample solution with stop solution showed no virucidal effects data not shown . Hence, the FCV was considered to be predominantly inactivated by the peroxy acids generated from OBS. The infectious ability of FCV was thought to be lost as a result of the oxidation of the capside, since the capside is located on the exterior of FCV 3 . In particular, OBS-12 produced the strongest effect. The different virucidal effects of each OBS were similar to the bactericidal and miticidal effects for each OBS 24, 25 . Increasing length of peroxy acid carbon chains may also increase the affi nity and the adsorption of the capside, since each generation effi ciency of peroxy acid by OBS-8, OBS-10, and OBS-12 was approximately 80 24 .
On the other hand, sodium myristoyloxybenzene sulfonate OBS-14 showed less of an effect because of its slight solubility.
Virucidal effect of each OBC
The virucidal effects of OBCs were also studied in the same manner as that used to study the virucidal effects of OBSs. OBS-12 was used as the positive control, since FCV suspension showed slightly different sensitivity in each experiment. As shown in Fig. 3 , increasing carbon chain length from 2 to 12 at the acyl group of each OBC tended to further reduce the titer. OBC-10 exhibited the greatest reduction in titer, similar to that of OBS-12. OBC-10 exhib- ited nearly the same bactericidal effects as OBS-12 24 .
Hence, it was hypothesized that OBC-10 would exhibit virucidal effects similar to OBS-12. OBC-12 showed no advantage over OBC-10. This result was attributed to the fact that OBC-12 ineffi ciently generates peroxy acid, because it is only slightly dissolved in solution 24 . On the other hand, 30 μM OBC-2 did not reduce the titer, although it was capable of generating peracetic acid 24 . Peroxyacetic acid is utilized as a virucidal reagent 22 . Increasing carbon chain length in OBS and OBC appears to result in superior virucidal effects than those of peroxyacetic acid. Fig. 4 , each sample containing OBS-12 exhibited a greater reduction in the titer, compared to a reference sample without OBS-12. Sample solutions treated with 100 μM OBS-12 for 3 min or 10 μM OBS-12 for 10 min exhibited titers of approximately 6 log 10 .
Virucidal effects of OBS-12 at different concentrations and duration of incubation As shown in
Virucidal effects of OBS-12 at different temperatures
The virucidal effects of each sample solution containing 10-30 μM OBS-12 with 3 mM sodium percarbonate were studied at 15-35 . As shown in Fig. 5 , the titer reductions with the same OBS-12 concentration were greater with increasing temperature, and a sample solution containing 10 μM OBS-12 produced a titer of over 4 log 10 after 5 min at 35 . On the other hand, a sample solution containing 30 μM OBS-12 produced a smaller titer reduction after 5 min at 15 than that of solution containing 10 μM OBS-12 after 5 min at 35 . OBS-12 produced a superior virucidal effect at an increase of 20 than with a 3-fold increase in concentration. The higher temperature may produce a higher effi ciency of peroxy acid generation from OBS and a stronger oxidizability of the peroxy acids.
The temperature of tap water used for washing clothes is greater than 15 during the spring, summer, and autumn in various regions of Japan. OBS-12 may exhibit virucidal effects at that temperature and have an even greater effect when warmed tap water or leftover bath water approximately 35 is used. Clothes are washed and bleached in a bleach concentration of tens to hundreds of micromolars and soaked in stronger concentrations of bleach activator in Japan. Consequently, OBS-12 may exhibit virucidal effects at the actual concentrations used for washing, since it showed a virucidal effect at 10 μM 3.8 
Virucidal effect with horse serum
The virucidal effects of OBS-12 and available chlorine were compared with the addition of horse serum, which modeled the presence of vomit and diarrhea. As shown in Fig. 6 , OBS-12 and available chlorine produced a titer reduction of over 5 log 10 at a concentration of 38 mg/L without horse serum. The reduction produced by available chlorine decreased in the presence of 1-5 horse serum. On the other hand, the reduction produced by OBS-12 was maintained with 1-2 horse serum and decreased by 5 horse serum. As shown in Fig. 7 , the residual ratio of available chlorine and peroxy acid decreased in the presence of horse serum. However, OBS-12 showed a higher residual ratio of peroxy acid with 1-2 horse serum.
Available chlorine is readily consumed by the reaction producing chloramine with each protein amino acid residue, since available chlorine exerts a strong oxidative reaction. FCV is thought to be unoxidized in the presence of the abundant protein in horse serum and to be protected from oxidative reactions with chloramine by the unreacted protein in horse serum. On the other hand, the oxidative reaction of peroxy acid is limited to particular amino acid residues, such as cysteine, methionine, and tryptophan 30 .
Hence, the consumption of peroxy acid is limited by the restricted oxidative reactions against available chlorine. Furthermore, residual peroxy acids are thought to exert a virucidal effect with suffi cient oxidizability.
CONCLUSION
The bleach activators OBS and OBC have superior virucidal effects on FCV. These activators are included in powdered oxygen bleaches and powdered detergents used for bleaching clothes without any color degradation. These activators appear promising as virucidal reagents for the disinfection of clothing that has been contaminated with NVs. It will be necessary to evaluate them under standard washing conditions. These bleach activators may also be used in other household cleaning applications as alternatives to available chlorine because of their superior safety and minimal damage.
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Fig. 7
Residual ratio of peroxy acid and available chlorine with horse serum. Peroxy acid was generated from 100 μM OBS-12 (38 mg/L) containing 3 mM percarbonate. Available chlorine was supplied as 38 mg/L. The concentration of peroxy acid was measured using iodine titration, and that of available chlorine was measured using the DPD method.
Fig. 6
Virucidal effect of OBS-12 and available chlorine with horse serum. An infectivity titer of approximately 5.8 log 10 of FCV was maintained in 100 μM OBS-12 (38 mg/L) containing 3 mM sodium percarbonate or available chlorine 38 mg/L with 0-5% horse serum for 10 min at 25°C, ND: below determination limit.
